Mycotoxins are toxic secondary metabolites produced by filamentous fungi that have been detected in food commodities, including grapes and wine. A survey was conducted to assess mycotoxin-producing fungi in grapes destined for wine production. The mycotoxigenic capacity of the isolates was tested in culture media. Grapes were analyzed by plating methods from 4 Portuguese wine-growing regions at 3 maturation stages (pea berry, early veraison and ripe berry) between 2001 and 2003. From the 10 602 strains detected and identified, the most frequent genera were Cladosporium (25%), Alternaria (24%), Botrytis (15%), Penicillium (9%) and Aspergillus (8%). Most (92.0%) were nonmycotoxigenic or produced mycotoxins of unknown relevance to health. Potential producers of ochratoxin A (OTA) (Aspergillus niger aggregate, 5.4%, Aspergillus carbonarius, 0.6%) and trichothecenes (Fusarium spp., 0.4%; Trichothecium roseum, 0.8%) were the most frequent mycotoxigenic species isolated from grapes. OTA was detected in all cultures of A. carbonarius and 4% of A. niger aggregate strains. There was potential for OTA and trichothecene production in grapes by A. carbonarius and T. roseum, respectively, prior to harvest time. Data presented herein indicate that A. carbonarius is most likely to occur in vineyards with Mediterranean climates, while T. roseum is more likely to occur in more temperate climates, and is associated with gray rot. The present work emphasizes the need to use grapes under good condition so as to reduce the risk of contamination with mycotoxigenic fungi and subsequent mycotoxin occurrence in wine.
Introduction
The concern about filamentous fungi in the vineyard has been traditionally linked to spoilage of grapes due to fungal growth. However, the discussion in the European Union concerning the establishment of a maximum limit for the presence of the mycotoxin ochratoxin A (OTA) in wines has increased concern about mycotoxin production.
Mycotoxins are toxic metabolites produced by filamentous fungi that have been detected in several food commodities. Levels that cause risk to populations are unacceptable, and several countries have set regulations for mycotoxins in various food commodities [13, 14, 17, 22, 29, 30] .
There exist hundreds of mycotoxins [5] , but relatively few are frequently detected in foods and are considered relevant to human health. The significance of mycotoxins for human health is not easily assessed, as the effects are often subtle. Toxicity is associated with continued ingestion of low doses, hence the designation "insidious poisons". Mycotoxins considered most relevant for human health by the Council of Agricultural Science and Technology (CAST) are aflatoxins, trichothecenes, fumonisins, zearalenone, OTA and ergot alkaloids [8] , although this list is continuously revised. Other mycotoxins are considered of less importance, due to limited occurrence or lack of evidence of their toxicity in humans. In some cases they are an important indicator of the use of poor quality raw materials, such as patulin in apple products [21] . Table 1 Mycotoxins considered to be most relevant for human health by CAST [8] or for which official regulation limits in food commodities exist, and the main organisms responsible for their production in foods Different mycotoxins are likely to occur depending upon the food commodity under consideration. Mycotoxins are produced by various fungal species (Table 1) with distinct ecological requirements affecting their worldwide distribution and incidence in foods. By elucidating the mycoflora of foods, mycotoxin hazards can be predicted and the appropriate control measures undertaken, such as implementation of HACCP programs.
Mycotoxin production can occur in the field and/or in postharvest situations. It has been found that the synthesis of mycotoxins can occur in grapes before harvest, and thus they may be present in wine [27] . Therefore, it is relevant to determine the mycoflora of grapes and the potential for mycotoxins to be present in wine.
The mycoflora of Portuguese grapes for wine production was evaluated together with the maturation process, in distinct wine-growing regions. The ability of the fungi to produce mycotoxins was tested to assess the potential for mycotoxin synthesis in grapes.
Materials and methods

Study area
Eleven vineyards were studied during a 3-year period (2001) (2002) (2003) in 4 Portuguese wine-growing regions: Vinhos Verdes, Douro, Ribatejo and Alentejo (Table 2) .
According to European Community regulation no. 822/87 revoked by EC regulation no. 1493/1999 of May 17th 1999, Portugal has two distinct wine-growing zones, CIa and CIIIb. Wine-growing zones are defined as geographic regions with distinct climatic conditions for grape cultivation. The wine-growing regions of Alentejo, Douro and Ribatejo have Mediterranean climates and belong to the wine-growing area CIIIb. The Vinhos Verdes region has a sub-Mediterranean climate. This particular type of climate is a variant of the temperate climate with Mediterranean influence, as it is more humid than typical Mediterranean climates. This region belongs to the wine-growing zone CIa. The maximum temperatures observed in high summer were between 38 and 42 • C. 
Mycological analysis of grapes
The mycoflora of grapes was determined as described elsewhere [26] : a total of 50 berries (5 berries per bunch) from each sample were plated in Dichloran Rose Bengal Chloramphenicol agar medium (DRBC) and incubated at 25 • C in the dark for one week. The spore-producing filamentous fungi detected were identified to genus level based on morphological characters according to the manuals of Ellis [11] for dematiaceous fungi, and according to the manuals of Barron [2] , Domsch et al. [10] , Pitt and Hocking [21] and Von Arx [31] for the other fungi. Penicillium and Aspergillus strains were isolated and identified to species level based on morphological characters according to the manuals of Pitt [19, 20] for Penicillium and the manual of Klich and Pitt [12] for Aspergillus and their teleomorphs. Additionally, grapes were surface-disinfected according Pitt and Hocking [21] and plated in the same medium.
Fungal strains
Representative strains of the filamentous fungi detected were preserved in 10% glycerol at −80 • C and deposited in the MUM (Micoteca da Universidade do Minho) culture collection.
Mycotoxigenic capacity of the isolates
OTA-producing ability of the Aspergillus isolates was determined according to the method described in Serra et al. [26] by HPLC with fluorescent detection. In addition, the mycotoxigenic ability was tested in a medium with 50% grape juice extract (GJ50). The grape juice extract was obtained by homogenizing wine grapes harvested for winemaking. It was centrifuged at 8500 rpm for 1 min and filtered through a glass microfiber filter (1.5 µm). The grape extract obtained was autoclaved at 90 • C for 30 min and added to autoclaved water with agar 2% (121 • C, 15 min). The mixture was autoclaved at 102 • C for 5 min.
Statistic analysis
All statistic analyses and graphics were performed with the Statistic Package for Social Sciences (SPSS) for Windows version 11.0. Non-parametric tests were used since most of the variables did not follow a normal distribution. To evaluate whether significant differences existed between the fungal incidence in grapes and variable factors year, region and maturation stage, the Kruskal-Wallis test, with approximation to the chi-square test, as a hypothesis test was used. When statistically significant, the differences were explored between values using the same test. The statistical analyses performed were considered significant when P < 0.05.
Results
Mycoflora of grapes during the maturation stage
The filamentous fungi identified from June 2001 to September 2003 by the direct plating method are indicated in Table 3 . Without surface disinfection, a total of 10602 strains belonging to 39 genera were identified. The 5 most abundant genera found by descending order were Cladosporium, Alternaria, Botrytis, Penicillium and Aspergillus. Epicoccum nigrum, Aureobasidium pullulans, Rhizopus, Stemphylium, Ulocladium, Trichoderma and Trichothecium roseum were detected in more than 1% of the berries analyzed. The remaining 27 genera were detected in less than or equal to 1% of the berries.
The mycoflora changed significantly with maturation stage. The most frequent genera by descending order at pea berry were Alternaria, Cladosporium, Botrytis, Epicoccum, Penicillium, Aureobasidium, Stemphylium and Aspergillus. These constitute 92% of the fungi identified. The highest incidence of Arthrinium, Cunninghamella, Drechslera, Fusarium, Gliocladium and Pestalotiopsis in grapes was observed at this stage.
Significant changes occurred in the incidence of Botrytis (P < 0.01), Penicillium (P < 0.001) and Stemphylium (P < 0.01) at early veraison. Botrytis and Penicillium increased, while the Stemphylium incidence decreased. The most frequent genera by descending order were Cladosporium, Alternaria, Botrytis, Penicillium, Epiccoccum, Aspergillus, Aureobasidium and Ulocladium, representing 93% of the fungi identified at this stage.
Significant changes occurred in the incidence of Aspergillus (P < 0.01), Penicillium (P < 0.01) and Rhizopus (P < 0.01), which increased significantly from early veraison to ripe berry. In addition, a significant decrease was observed in Alternaria (P < 0.001), Arthrinium (P < 0.05), Chaetomium (P < 0.05), Drechslera (P < 0.01), Epicoccum (P < 0.001), Fusarium (P < 0.05), Phoma (P < 0.01), Stemphylium (P < 0.001) and Ulocladium (P < 0.01). The most frequent genera by descending order were Cladosporium, Botrytis, Alternaria, Aspergillus, Penicillium, Aure- obasidium, Rhizopus and Epicoccum, representing 96% of the fungi identified at this stage. From the most frequent fungi found in grapes, Cladosporium and Aureobasidium were the only ones that did not vary significantly with maturation.
The Aspergillus and Penicillium strains were isolated and identified to species level. The isolation rates for Aspergillus and Penicillium from the berries were 94 and 89%, respectively. From the 770 Aspergillus strains identified, the most frequent were from section Nigri (84%), namely the bisseriate species A. carbonarius and A. niger aggregate (Table 4) . A possible new Aspergillus species was found in section Nigri, designated here as A. ibericus, for which formal characterization is in progress [7] . From the 885 Penicillium strains identified, the most frequent were P. brevicompactum, P. glabrum/spinulosum and P. thomii (Table 5) , which represented 71% of the isolates. The berries from the vineyards sampled were generally in good condition. Fungal rot in the vineyards studied was observed only on one occasion. The gray rot caused minor damage from grapes of the Douro vineyard in the 2002 harvest. Trichothecium roseum and A. carbonarius were observed together with Botrytis cinerea gray rot in some grape bunches ( Figs. 1 and 2 ).
Potential mycotoxin-producing fungi found in grapes
Species described as producers of mycotoxins represented 8.0% of the grape mycoflora (Tables 1, 2, 3 and  4) , distributed as follows: potential producers of aflatoxins (0.3%), OTA (6.0%), patulin (0.5%) and trichothecenes (1.2%). The remaining 92.0% were described as nonmycotoxigenic or as producers of mycotoxins of unknown importance to health.
A. flavus was the only isolated species to be described as an aflatoxin producer. Strains were isolated from berries of all maturation stages without surface disinfection. Its presence was detected in the 4 wine-growing regions colonizing 2-4% of the sampled berries. 
Total berries analyzed 450 500 1200
Four Aspergillus species described previously as OTA producers were isolated from the grapes: A. ochraceus, A. alliaceus, A. niger aggregate and A. carbonarius. From these, A. niger aggregate and A. carbonarius strains were the most frequent. They were mainly detected at harvest time, with and without surface disinfection (Tables 4 and 6) . A. niger aggregate and A. carbonarius were detected in the 4 regions, and their distribution is given in Fig. 3 . A. niger aggregate had a significantly higher incidence in the vineyards with a Mediterranean climate (Alentejo, Douro and Ribatejo) when compared to Vinhos Verdes vineyards, of temperate climate with Mediterranean influences (P < 0.01). A. carbonarius was also more frequent in vineyards with Mediterranean climate. The presence of A. carbonarius in grape samples was occasional, and the differences observed between regions were only significant between Ribatejo and Vinhos Verdes (P < 0.05).
Aspergillus and Penicillium species described previously as patulin producers were isolated from grapes: A. clavatus, P. expansum, P. funiculosum, P. griseofulvum, P. novaezeelandiae and P. roqueforti (Table 4) . From these, only P. expansum was found after surface disinfection at harvest time (Table 6) .
Two genera described as containing trichothecene-producing species were found in grapes: Fusarium and Trichothecium, the last with a single species in the genus T. roseum. Fusarium strains were detected at a lower frequency than T. roseum from grapes. Fusarium strains were primarily detected at the early maturation stages of grapes, with and without surface disinfection (Tables 3 and 6 ). T. roseum was detected primarily at harvest time with a mean percentage of 0.4% berries in the samples from Douro and Ribatejo and 9% from Vinhos Verdes. Nevertheless, the differences found between the two regions were not statistically significant. T. roseum was not found after surface disinfection, but was frequently detected from grapes that were infected with Botrytis. T. roseum growth was observed in some rotten bunches collected in 2002 from a Douro vineyard, and in practically all bunches with gray rot harvested for winemaking delivered to wineries of the Vinhos Verdes region. However, rotten grapes were not observed in the Vinhos Verdes vineyards sampled.
Mycotoxigenic capacity of fungal isolates
The ability of Aspergillus isolates to produce OTA was evaluated. OTA was detected in cultures of A. alliaceus, A. carbonarius and A. niger aggregates (Table 7) . A. carbonarius was the predominant OTA producer, with all isolates producing the mycotoxin. In the A. niger aggregate, 4% of the strains produced OTA in detectable amounts. The OTA-producing isolates also produced the mycotoxin in GJ50 medium. Strains of the possible new species A. ibericus of section Nigri did not produce OTA in detectable amounts in any of the media tested.
Discussion
In a general way, as maturation advances, the incidence of field fungi (e.g., Alternaria, Epicoccum, Fusarium, Stemphylium and Ulocladium) decreases, while active spoilage agents such as Aspergillus, Penicillium and Rhizopus increase in grapes. Conditions are more favorable for fungal invasion at harvest time, when more damage to the berries is likely to occur.
The mycoflora of the grapes was composed mainly of species that did not produce the main mycotoxins. Nevertheless, low frequencies of aflatoxin, OTA, patulin and trichothecene producers were isolated from apparently healthy berries.
A method for detecting aflatoxins in wine using spiked samples has been described [28] , but the natural occurrence of aflatoxins in wines has not been reported. Although A. flavus is present in the vineyards, it was not found in grapes after surface disinfection, and rot with this fungus was never observed. A. flavus competes with A. niger in the field, and its incidence in grapes was low when compared to this species aggregate. Therefore, aflatoxin is unlikely to occur in grapes and wine.
Patulin is a mycotoxin reported in several fruit juices, particularly apple juice. P. expansum is considered to be mainly responsible for patulin production in fruits. It is a broadspectrum plant pathogen that produces the mycotoxin as it rots. P. expansum can cause rot in grapes, but does not usually attack grapes before harvest. However, it was isolated from rotten grapes in overmaturation stages and the strains produced patulin in grape juice media [1] . Patulin may be present in grapes with P. expansum rot, and consequently in grape juice; however, it is degraded to some extent during the fermentation process [25] and therefore is not likely to occur in wine at high concentrations.
OTA is considered at present to be the most relevant mycotoxin in wine with respect to human health. It is more prevalent in wines originating from the Mediterranean basin [16] and it has been shown to have immunosuppressive effects in doses currently found in the blood of human populations [18] . The International Organization of Wine (OIV) has set a provisional maximum limit of 2 µg/l of OTA. In grapes, the mycotoxin is produced by species of the section Nigri, namely A. carbonarius and occasionally, A. niger [3, 4, 6, 9, 15, 26] . OTA was detected in apparent healthy Portuguese grapes before harvest, at levels up to 0.061 µg/l [27] . Nevertheless, in a rotten grape bunch where A. carbonarius growth was observed, the OTA content determined according to the method described by Serra et al. [27] was 7.5 µg/l (unpublished results). This indicates that OTA may be a problem in wines originating from Mediterranean climates, where OTA-producing fungi are present especially if grapes of poor quality are used.
According to the present results, T. roseum mycotoxins may occur in grapes. T. roseum metabolites (trichothecin, trichothecolone, rosenonolactone) were previously detected in wines [24] . The relevance of T. roseum mycotoxins to human health is neglected due to the rare spoilage of foods by this fungus [21] . Nevertheless, the presence of even low quantities of trichothecin in wine can inhibit alcoholic fermentation, and T. roseum rot in grapes has been reported to be increasing [23] . T. roseum is described in the literature as a mycoparasite of Botrytis [10] , and was observed in large numbers of rotten grapes delivered to Vinhos Verdes wineries in 2002 for wine-making. T. roseum was not detected after surface disinfection in apparent healthy berries, suggesting that T. roseum mycotoxins are likely to occur only if gray rot bunches with T. roseum are used in wine-making. In this way, the presence of these toxins may be indicators of the poor quality of grapes. The contamination of grapes with T. roseum seems more likely in regions where rain during harvest time is frequent, such as the Vinhos Verdes region, which has climatic conditions that favor gray rot.
From our study we conclude that the potential for mycotoxin production exists in Portuguese grapes before harvest. The mycotoxins considered relevant for human health and most likely to occur in wines are OTA in regions with a Mediterranean climate and T. roseum mycotoxins in more temperate regions.
It should be pointed out that the presence of these mycotoxins appears to be especially relevant when grapes in poor condition are used in winemaking. It is worth emphasizing that the use of good quality raw materials is essential for mycotoxin control in food products.
